ABSTRACT: The present study aimed at comparing the effects of a dose reduction of inhaled corticosteroids on lung function, indirect measures of airway inflammation and clinical scores during treatment with a leucotriene receptor antagonist.
Bronchial asthma is defined as an inflammatory airway disease characterised by intermittent to chronic airway obstruction and bronchial hyperresponsiveness to pharmacological and physical stimuli [1] . The presence of airway inflammation has been extensively demonstrated through bronchial biopsies [2] and also by noninvasive markers such as sputum eosinophils and exhaled nitric oxide nitric oxide (NO), both of which appear to be highly sensitive to the effects of anti-inflammatory treatment [3] [4] [5] [6] [7] .
The most potent anti-inflammatory drugs in asthma are glucocorticosteroids. The regular use of inhaled corticosteroids is recommended in international guidelines as first-line treatment [1] . Corticosteroids, however, do not fully suppress the production or release of all inflammatory mediators [8] . Amongst those less affected are cysteinyl leucotrienes, which are known to play a key role in asthma [9] . However, whether clinically introduced antileucotrienes exert significant anti-inflammatory effects is still under discussion. Some studies have shown a reduction in, for example, sputum eosinophils or the level of exhaled NO, whilst others have not [10] [11] [12] . Irrespective of this, antileucotrienes undisputedly have a bronchodilator and bronchoprotective potential [12, 13] and have thus became part of current treatment recommendations in asthma [1] .
Owing to the beneficial effects of antileucotrienes and the efforts to keep steroid doses low, several studies have addressed the extent to which inhaled corticosteroids might be substituted or supplemented by these drugs [14] [15] [16] . Most of these trials used lung function and symptoms as outcome variables. However, none of the trials compared changes in these measures with changes in sputum composition, exhaled NO and airway responsiveness during a stepwise reduction of steroid doses to assess the associations and dissociations between these variables and their relation to the patients9 clinical state. Such data would be of interest in order to reveal whether the anti-inflammatory action of an antileucotriene manifests itself under low-dose steroids and is related to its clinical benefit. Based on these arguments, a placebo-controlled, double-blind, randomised, parallel-group trial was performed using the oral leucotriene receptor antagonist montelukast in patients with stable bronchial asthma.
Material and methods

Patients
A total of 50 patients with the diagnosis of moderate bronchial asthma [1] were included in the trial (table 1) . The forced expiratory volume in one second (FEV1) was required to be w80% predicted and the provocative concentration of methacholine causing a 20% fall in FEV1 (PC20) v8 mg?mL -1 . All patients had inhaled corticosteroids for more than 8 weeks prior to randomisation in a dose of 800 mg beclomethasone or equivalent. None of them had received oral corticosteroids or oral antihistamines within 6 months or 4 weeks, respectively, prior to entry into the study. Furthermore, it was requested that FEV1 and PC20 were reproducible within 15% and 1.5 doubling concentrations, respectively, between visits one and two (see below). None of the patients were smokers or had signs of an acute exacerbation or respiratory tract infection within 4 weeks prior to screening.
Study design
The study comprised a total of six visits, a run-in period of 1-3 weeks duration and two treatment periods of 6 weeks each. Visit one (screening) was performed at the start of the run-in period and visit two (randomisation) was performed at the end of this period. During the run-in period patients kept the medication required for entry unchanged. In the first treatment period, they reduced the dose of inhaled corticosteroids to 50% of the run-in dose, and in the second treatment period, to 25%. Depending on randomisation, patients received either montelukast 10 mg once daily (OD) or matching placebo during both treatment periods as a daily evening dose. Only the short-acting b 2 -agonist salbutamol was allowed for symptom relief. The last study medication was taken on the evening before laboratory visits.
At visit one, each patient9s history was taken, and lung function and methacholine responsiveness were determined. Before and after the first (visits two and four) and the second (visits four and six) 6-week treatment period, lung function measurements, methacholine challenges, determinations of exhaled NO, and sputum inductions were performed in that order. Lung function was also assessed in the middle of both periods (visits three and five), without further measurements. Assessments of peak flow (PEF) and symptom scores at home were required for the duration of the study. In case of an exacerbation (defined as a decrease in PEF of v50% compared to values at entry, or an increase in daytime symptoms of three or more or in night-time symptoms of two or more on w3 consecutive days) patients were asked to visit the laboratory outside the regular schedule.
The study was approved by the appropriate Ethics Committee and all patients gave their written informed consent.
Measurements
Spirometry was performed according to European Respiratory Society (ERS) guidelines [17] using a handheld spirometer. Bronchial responsiveness to methacholine was determined using a standardised validated rapid protocol [18] and changes were expressed as doubling concentrations (DC).
For measurement of exhaled NO, patients maintained predetermined expiratory flow rates (21, 33, 69, and 207 m?Ls -1 , in duplicate) against different resistors at 20 mbar [19] . Plateau values of NO were assessed (NOA 280; Sievers Instruments Inc., Boulder, CO, USA) and the values at precisely 50 m?Ls -1 were derived by interpolation. The analyser was checked after each measurement using certified calibration gas.
Sputum induction was performed as described previously [20] [21] [22] . After inhalation of 200 mg salbutamol, patients inhaled 3, 4, and 5% saline in three consecutive 10-min periods. They were asked to produce sputum during and after each period and samples were pooled for analysis. Cytospins were prepared and the percentages of nonsquamous cells were determined by two independent investigators by counting o400 cells; the average of their results was taken for analysis.
For monitoring the clinical state, patients filled in diary cards for day-and night-time symptoms, with scores ranging from 0 (no symptoms) to 4 (maximal symptoms, severe impairment of daytime activities, no sleep during night-time). The use of supplemental salbutamol was documented and measurements of PEF were performed twice daily using an electronic peak-flow meter and asthma monitor (AM2; Jaeger, Hö chberg, Germany) [23] .
Statistical analysis
Data from all visits were included in the analysis, whereby those obtained on exacerbation (between visits five and six) were taken as visit six. Owing to the skewness of distributions, data on PC20, sputum eosinophils and exhaled NO (eNO) were logarithmically transformed before analysis and expressed as geometric mean and SEM. The geometric SEM is presented as a factor with which the geometric mean is to be multiplied or by which it is to be divided, as the multiplicative analogue of the "¡" that pertains to the common arithmetic SEM and mean. Values of FEV1 are given as arithmetic mean values and SEM. The same applies for PEF, symptom scores and salbutamol use; these were evaluated as individual averages over consecutive 3-or 6-week periods, depending on the mode of analysis. The study was planned using PEF as primary outcome parameter.
Within the parallel-group design on a 5% level of significance, the power was y80% to detect 75% protection of the deterioration under placebo by montelukast. Data were analysed by repeated-measures analysis of variance (ANOVA) for each treatment group separately. Data obtained at 3-week intervals were used for FEV1, PEF, symptom scores and salbutamol use. For all other parameters the 6-week data was used. Comparisons between visits within groups were performed using the Newman-Keuls test. ANOVA was also used to compare groups with each other, again using visits as within-factor. Respiratory symptoms were analysed by Friedman9s ANOVA in each treatment group separately, but groups were compared with each other using standard ANOVA. Correlations were evaluated using Pearson9s linear correlation coefficient. Statistical significance was assumed for pv0.05.
Results
Initially, 56 patients were included in the study, but six patients had to be excluded due to different causes within the first 3 weeks (e.g. lack of compliance or cooperation, personal reasons etc.). Data from these patients were excluded from further analysis.
Five patients of the patients included had to be discontinued due to an exacerbation of their bronchial asthma; three of them had received montelukast, and two placebo. All exacerbations occurred between visits five and six, i.e. during the last 3 weeks after reduction of the steroid dose to 25%. These patients were included in the final analysis, and the data on exacerbation were taken as end-point equivalents to visit six.
With regard to the values assessed at screening (visit one) or baseline (visit two), none of the parameters showed statistically significant differences between groups or visits one and two.
Lung function
During treatment with placebo, significant changes in FEV1 occurred over the two reduction periods (pv0.001, ANOVA; table 2, fig. 1a) . Specifically, the values measured during and at the end of the second reduction period were different from those measured before (pv0.01, Newman-Keuls test), which were not significantly different from each other. At the end of the study, the mean¡SEM decrease in FEV1 compared to baseline was 252¡65 mL.
During treatment with montelukast, FEV1 declined in a similar way (pv0.001). Again the values assessed during and at the end of the second reduction period were different from those measured before (pv0.01), while these were not different from each other. On the last visit, the fall in FEV1 compared to baseline was 205¡72 mL.
There were no statistically significant differences between groups regarding the time course of FEV1, neither in absolute terms nor in per cent predicted.
Airway responsiveness to methacholine
Changes in PC20 were not statistically significant in the placebo group (table 2, fig. 1b ). At the end of the study, mean¡SEM PC20 had decreased by 0.44¡0.32 DC compared to baseline.
In the montelukast group, the changes in PC20 were also not statistically significant from zero. At the end of the study, PC20 was increased by 0.09¡0.29 DC compared to baseline. There were no statistically significant differences between groups in the course of PC20.
Induced sputum
In the placebo group, the percentage of eosinophils in induced sputum increased significantly (p=0.018) over both reduction periods (table 2, fig. 1c ). Specifically, values measured at baseline and after the second period were different from each other (pv0.05). On average (SEM), eosinophils rose by a factor of 2.66 (1.34) compared to baseline.
Percentages of eosinophils also increased in the montelukast group, with the total rise at the end of the study being by factor 1.49 (1.45). These changes were not statistically significant. In addition, the course of sputum eosinophils did not differ significantly between groups. Also, the percentages of neutrophils did not change significantly over time or with treatment regimens.
Exhaled nitric oxide
With placebo, the level of eNO increased over both reduction periods (table 2, fig. 1d ) but the changes were not statistically significant. At the end of the study, NO rose on average (SEM) by a factor of 1.31 (1.13) compared to baseline.
NO levels also slightly increased in the montelukast group, with the total increase at the end of the study being by a factor of 1.12 (1.19). These changes were also not statistically significant. Furthermore, values of eNO did not differ significantly between groups.
Peak expiratory flow
Within the placebo group, both morning and evening PEF decreased significantly over time (pv0.001, each; fig. 2a and b) . Changes were significant during the second reduction period compared to the previous values (table 2). In the second period, the mean¡SEM fall of PEF against baseline was 30.1¡7.3 and 21.2¡8.1 L?min -1 , respectively. There were also significant (pf0.001, each) effects with montelukast, the overall fall in PEF in the second . Again, statistical significance was achieved in the second period versus the previous data. There was no significant difference between groups regarding the course of either morning or evening PEF.
Respiratory symptoms and use of salbutamol
In the placebo group, changes in daytime symptoms were not statistically significant but those in nighttime symptoms were (p=0.047; fig. 2c and d) . There was also a significant rise in the use of salbutamol (p=0.036; fig. 2e ). Overall, the mean¡SEM changes against baseline in the second reduction period were 0.18¡0.15 and 0.15¡0.06 score units, respectively, and 0.71¡0.44 puffs?day -1 .
With montelukast there was a significant change in daytime (p=0.024) but not in night-time symptoms, and no change in the use of salbutamol. In the last period of the trial the changes against baseline were -0.18¡0.11 and 0.07¡0.07 score units, and 0.50¡ 0.39 puffs?day -1 . The course over the two reduction periods differed significantly between groups in the case of daytime symptoms (pv0.001, ANOVA interaction term).
Discussion
The present study compared the effects of a dose reduction of inhaled corticosteroids on lung function and indirect markers of airway inflammation in the presence or absence of the leucotriene receptor antagonist montelukast. In the patients studied, no significant effects occurred following a reduction to 50% of the dose at entry. After further reduction to 25% there was a slight but consistent fall in lung function, both in the presence and absence of montelukast. At the same time, methacholine responsiveness, the percentage of eosinophils in sputum and the level of exhaled NO, as an additional marker of eosinophil-associated inflammation, rose, but most of these effects were not statistically significant; however, changes tended to be smaller with montelukast. Daytime symptoms showed small but statistically significant beneficial effects of montelukast relative to placebo. These findings can be reconciled when assuming that, under low-dose corticosteroids, montelukast achieved its clinical benefits not through modulation of a single parameter but through a combined effect of small changes in different parameters. All patients included fulfilled the criteria of moderate asthma as defined by recent guidelines [1] , and the initial dose of inhaled corticosteroids, which had led to a stable clinical condition before entry into the study, was considered appropriate by the treating physicians. Overtreatment, however, is an issue of considerable importance [15] , particularly as the classification of the severity of a patient9s disease in the presence of treatment poses a major problem. The study protocol therefore comprised two steps of reduction, the first one to 50% and the second 25% of the initial steroid dose. No significant changes were observed over the first reduction period, but interestingly, there was a tendency towards an early onset of the decrease in FEV1 and PEF in the placebo group (table 2) . This suggests that, despite being considered adequate, the dose of steroids could have been lowered without relevant changes in the quantities measured. Overall, these observations confirm the suspicion of overtreatment in the majority of patients. This controversial issue, however, cannot be considered to be being resolved, since other data have indicated that treatment with steroid doses higher than those derived from guidelines might lead to a reduction of morphological alterations in asthma, as detectable by invasive procedures [2] .
Only the second reduction led to significant effects on lung function and symptoms. Changes in FEV1 as well as PEF were of similar magnitude when compared between the two groups. Expressed as per cent fall against baseline, changes of both parameters were also similar to each other. As patients had taken their study medication regularly the evening before laboratory visits, it therefore appeared that the bronchodilator effect of montelukast did not last until the next morning. Overall, symptom scores were low in the patients studied, and this has to be considered in the interpretation of the results. Nonetheless, frequencies of symptoms and salbutamol inhalations were lower in the montelukast compared to the placebo group (table 2), in accordance with other studies [15] . Interestingly, the effect of montelukast was most clearly seen in daytime symptoms. The present authors do not have an explanation for the dissociation between symptoms and functional changes but it could indicate that either symptomatic improvements were most relevant at times when lung function data were not available (e.g. during daytime, see table 2), or that, for example, the small and statistically nonsignificant differences in the indirect measures of airway inflammation played a role, as a combined effect.
The number of exacerbations, which did not differ between the two groups, was too low to judge a potential effect of montelukast. However, when analysing whether patients experiencing an exacerbation in any of the groups conveyed particular baseline characteristics, four of the five patients were found to show a PC20 on entry that was below average (table 1). These data are in accordance with previous findings that patients exhibiting marked hyperresponsiveness in the presence of steroids were those at highest risk when steroids were withdrawn [24] . The present study also assessed whether the data measured on the last visit before exacerbation showed any sign of an ongoing or impending deterioration. Within the limits set by the small number of patients, no such pattern was recognisable.
All patients were hyperresponsive to inhaled methacholine at baseline, despite steroid treatment (table 1) . In contrast, mean FEV1 was near normal values. Similarly, the percentage of eosinophils in sputum and the concentration of exhaled NO were close to values from healthy subjects and lower than in patients with asthma not under corticosteroids [19] . These findings obviously reflect the differential effect of steroids on different parameters. Nonspecific airway responsiveness is probably one of those indices that are only marginally affected by short-term treatment with steroids and never shifted into the normal range. Whether methacholine responsiveness possesses a predictive value has been a matter of debate [25] , and this may apply mainly to longterm effects of steroid treatment [2] . With regard to sputum eosinophils or exhaled NO, there are no data currently at hand from large prospective studies that have used these parameters for therapeutic management and demonstrated their clinical value in addition to conventional clinical or functional measures [26] .
The scatter of the data obtained for the indirect measures of airway inflammation might increase suspicion that measurements were subject to unacceptably large errors. There was, however, no sign of a more than usual variability of PC20, sputum or NO determinations. The present authors have previously demonstrated that using an equivalent method, PC20 can be determined within less than ¡0.5 doubling concentrations [27] . Secondly, the NO analyser was calibrated after each measurement to correct for drifts over the day, and plateau values at precisely 50 mL?s -1 were derived by interpolation from NO/flow curves. Values were thus independent of variations in the targeted flow rate [19] . Thirdly, based on previous experience in sputum analysis [21] , this procedure had been used to reveal anti-inflammatory effects of corticosteroids [22] . The authors therefore believe that the scatter as observed reflected the natural variability over the 3-12 week intervals of the study. Comparitively, variability of FEV1 determinations was much lower, possibly because, in the patients of the severity studied, its variability was more restricted by, for example, physical characteristics and the indices of inflammation were more strongly affected by random influences from the environment. This finding underscores the assertion that the clinical addon value of noninvasive parameters versus lung function still needs to be established [24] and that this value may well differ in different groups of patients or conditions.
Significant clinical benefits as well as functional effects of montelukast have been established in a number of large multicentre trials [15, 28] . Not all studies, however, reported on such effects, including an anti-inflammatory action of montelukast [12] . In contrast to the expected 75% protection of the deterioration in PEF under placebo, the actual protection through montelukast was y20% and was nonsignificant. With regard to the time course within groups, the power was much higher as reflected in the low respective p-values for PEF and FEV1. In addition, no statistical evidence for a significant action of montelukast on indices of airway inflammation or airway responsiveness was found either within or between groups. Despite the limited power regarding each of the single variables and the tendency toward a weaker response with montelukast in all of them, the overall pattern did not support a major anti-inflammatory potency of montelukast, in the presence of low-dose corticosteroids. This seems to be a most important caveat, since changes within the placebo group were also nonsignificant except for sputum eosinophils, demonstrating that 25% of the initial steroid dose was still sufficient to prevent a significant rise in airway responsiveness or exhaled NO. The presence of lowdose steroids may also explain part of the discrepancy between the data of this study and papers reporting anti-inflammatory effects of antileucotrienes, such as a reduction in eosinophils [10] and exhaled NO [11] or an attenuation of allergen responses [13, 29] . Irrespective of the questionable effects of montelukast on functional and anti-inflammatory indices in the present study, the differences in symptom frequency indicated a clinical benefit even in the presence of inhaled corticosteroids.
In conclusion, the present study demonstrates that a reduction in inhaled corticosteroids to 25% of the initial dose in patients with asthma led to a slight fall in lung function that was not attenuated by montelukast and, at the same time, to changes in symptoms that were partially prevented by montelukast. Indirect measures of airway inflammation showed a larger variability than lung function and did not provide statistical evidence for significant effects of montelukast. Thus, under the conditions of the present study, their add-on value for determining the patients9 clinical state seemed questionable. Furthermore, the data suggest that, in the presence of low-dose steroids, clinical benefits of montelukast might not be traced to single measures of airway function but are reflected in combined, although weak, effects on a number of parameters.
